We prove that A(p) sets do not contain parallelepipeds of arbitrarily large dimension. This fact is used to show that all A(p) sets satisfy the arithmetic properties which were previously known only for A(p) sets with p > 2. We also obtain new arithmetic properties of A(p) sets.
1. Introduction. Let G denote a compact abelian group and G = Γ its necessarily discrete, abelian, dual group. When E is a subset of Γ, an integrable function f on G will be called an E-function provided its Fourier transform, /, vanishes on the complement of E. Similarly, an i?-function / will be called an E-polynomial if the support of its Fourier transform is finite.
A subset E of Γ is said to be a A(p) set, p > 0, if for some 0 < r < p there is a constant c(p, r, E) so that (1) ll/ll, *C(/M ,20||/|| Γ for all is-polynomials /. An easy application of Holder's inequality shows that if p < q and E is a A(q) set, then E is a A(p) set. For standard results on A(p) sets see [11] and [7] . A number of authors (cf. [11] , [7] , [2] , [10] and [1] ) have shown that A(p) sets with p > 2 satisfy certain arithmetic properties. In [9] Miheev was able to extend some of these properties to all A(p) sets in Z. In §2 we will show that generalizations of the properties attributed to A(p) sets with p > 2 in the papers cited above are satisfied by all A(p) sets, p > 0, in all discrete abelian groups.
One of the important open questions in the study of A(p) sets is whether there are any A(p) sets, with p < 4, that are not already Λ (4) . The technique used most often to show that a given set is not a A(p) set, for some particular value of p, is to show that the set fails to satisfy an arithmetic property which A(p) sets are known to fulfill. As a consequence of our results, it is impossible to find a A(p) set with p < 2 which does not satisfy all the arithmetic properties of a Λ(2) set which are currently known.
The proofs of these results depend upon the following theorem. 2.4 (see [11, 3.5] , [2] , or [1] forp > 2, [9] for E c Z). Let E c Γ be a A(p) set. There are constants c and 0 < ε < 1 such that if A is any arithmetic progression of length N then \EΠA\< 2cN ε .
In particular, if E is a Λ(p) set in Z, then any interval of length N contains at most 2cN ε points of E. Thus E has density zero. Moreover, if
< oc, so the set of prime numbers is not a Λ(p) set for any p > 0 [9] . DEFINITION 2.5 [7, 6.2] . COROLLARY 2.6 (see [7, 6.3-6.4 2.7 ([11, 1.6] ). For E c Z and n G Z, let r 2 (£, n) be the number of ordered pairs (m v m 2 ) & E X E with m λ 4-m 2 = ft. COROLLARY 2.8 (see [10] 
PROPOSITION 2.10 (see [2] 
for p > 2 and A a test set of order M). Let £cΓ be a A(p) set. There are constants c and 0 < ε < 1 so that whenever M is a positive integer and A is a weak-M-test set, then \E ΠA\< c\A\\
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Proof. Let t = \E Π A\ and choose n > 1 so that E contains no parallelepipeds of dimension n + 1. We will assume that / > 4(M\A\) ι~ι/2 " and derive a contradiction.
For each i = 1,..., d choose a maximal collection C Xi of ordered sets {α,β} satisfying α, β e E' and aβ' 1 = χ iy and which are pairwise disjoint (as unordered sets). Let C\ = \Jf= 1 C lJ .
Suppose {a,β} <£ Q for α, β e £' with α#j8. Since aβ~ι = χ, for some i and {α,β} £ C u it must be that one of {χ,α} or {/?,χ} e C U for some χe£'. Thus and hence
If / < 4 then t < 4(M\A\) ι~ι/2 " for any n > 1, thus / > 4 and we obtain the inequality
et JOJ denote the set of left hand terms of C λi . Observe that if Ψiv . Ψ^A with ψ.#ψ 7 . for z#y, then {ψ y ,ψ y χ^}, 7 = 1,...,/:, are distinct pairs in C lf/i , and so by the disjointness condition all the terms of {ψ x ,..., ψ*} {1, χ^1} are distinct.
Further, if |C U J > 1 then C lzi contains two distinct pairs, {a J9 βj} 9 j = 1,2. Since α^-j Sy" 1 = χ /χ these four elements of E form a parallelepiped of dimension 2, namely {«i ? « 2 } ' {^X^1}-Hence if E contains no parallelepipeds of dimension 2 then t < (4M\A\) 1/2 proving the proposition for n -1.
We proceed inductively to obtain for k = 2,..., m -1, k < n, sets C ΛΪ/A and Z>£ satisfying: Since E contains no parallelepipeds of dimension n + 1, \D n \ must be at most one. This contradicts our initial assumption. D
The union problem for A(p) sets with p < 2 is open. However we do have PROPOSITION 2. 11 (see [9] for E c Z). Let E λ and E 2 be A(p) sets. Then E γ U E 2 does not contain parallelpipeds of arbitrarily large dimension.
Proof. Choose constants c and 0 < e < 1 so that whenever P n is a parallelpiped of dimension w, | JF 7 . Π P w | < cl nε for / = 1,2. Then for n sufficiently large. D
Observe that all these results hold for sets which do not contain parallelepipeds of arbitrarily large dimension. In [6] we discuss additional properties of such sets.
Proof of Main Theorem.
We turn now to proving Theorem 1.2. Since any A(p) set with p > 1 is a A(s) set for any s < 1, we may without loss of generality assume p < 1.
We will show in fact that N depends only on c(p, p/2, E), as defined by (1). Since a translate of a A(p) set is a A(p) set with the same constant, it suffices to show that A(p) sets do not contain parallelepipeds of the form P = Πjlxί^χ,}, |P| = 2 M , for M > N. The proof will result by establishing a number of lemmas. The main idea in the proof of the principal result in [9] is used in Lemma 3.4.
Let us say that {χ 1? ..., χ^} c Γ is quasi-dissociate if Since \A n \ < 3" we may choose ψ Λ+1 e {x^lV wi Λ ψ M+1 ί A n . We may choose {ψ,}^ c (xj^i in this way since iV x = 3^° + 1. Now suppose Π^ ψf' = 1 with ε ιr = 0, ± 1, / = 1,..., Λ^o. Let k be the largest integer with ε k Φ 0. We cannot have k = 1 for then ψ^1 = 1 and hence ψ x = 1. If A: > 1 then without loss of generality, ε k = 1, so ψ A: = nfr/ Ψ7 ε ' But this implies ψ^ G A k _ v contradicting its selection. Thus ε ; = 0 for all / = 1,2,..., N o and hence {ψ. : } ^λ is a quasi-dissociate set.
• Next we will prove
£). There is an integer N x depending on c( p, p/2, E) such that E does not contain any parallelepipeds of order 2 with dimension greater than N v
Proof. Choose an integer N o so that and set N x = 3> N° + 1. By Corollary 3.2 if E contains a parallelepiped of order 2 with dimension N x then E contains a quasi-dissociate parallelepiped of order 2 with dimension N o , say Π^^l, χ 7 -}. Being quasi-dissociate and of order 2 the set {χ ι }^ι is probabilistically independent. Hence
Thus if/(*) = Π^xίl + χ,(*)), then /e Trig £ (G) and contradicting the fact that E is a Λ( /?) set with constant c( /?, j?/2, E). Ώ
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LEMMA 3.4. Let E be a A(p) set, 0 < p < 1, with constant c(p, p/2, E). There is an integer N depending on c(p, p/2, E) such that E does not contain any dissociate parallelepipeds of dimension N.
Proof. It is shown in [9] that for any fixed r e (0,1) with r/(l -r)
Choose N so that A N > c(p, p/2, E) B N , and suppose E contains the dissociate parallelepiped Π£Li{l, χ f }. Let R be the least solution of r = 2R/(1 + R 2 ). Let / = Πjlxίl + RXi). Then / e Trig £ (G), and An application of MacLaurin's formula shows that for any a e (0,1)
where |Rem(jc)| < (r/(l -r)) 3 provided x e [-r, r] and r G (0,1). Now -r < r((x f x + χ.(x))/2) < r so applying MacLaurin's formula to (2) with a = /?/2 we obtain p -2 (X,+X, [11, 4.5] can be used to show that E is a Λ(4) set. Parallelepipeds are not sufficient to characterize A(p) sets however. In this section we will use a method of Erdόs and Renyi [3] to show that for each p > 8/3 there is a set E(p) which does not contain parallelepipeds of arbitrarily large dimension and yet is not aA(p) set.
Let 0 < a < 1 and let {£ n }£Li be a sequence of independent random variables such that P(ξ n = l)=p n = \/n a and P(ξ n = 0) = 1 -p n . Let {v k ) denote the values of n (in increasing order) with ζ n = 1. Thus p n is the probability that n is contained in {v k }.
If {v k } contains a parallelepiped of dimension d then there are integers n, ra, k l9 ..., 
